SUMMARY
Activity of total lactate dehydrogenase (LDH) and that of the heat-stable isozyme (LDH-1) was measured by the method of Strandjord and Clayson in the serum of 62 cardiac patients with congenital and valvular heart disease before and after cardiac catheterization and at follow-up examination after cardiac surgery. A universal elevation of both total and heat-stable LDH was found in patients with prosthetic heart valves of several types. Lesser degrees of abnormalities were seen in a number of the patients without prosthetic devices. Some patients had a small increase in serum enzyme activity the day after cardiac catheterization. The evidence presented implicates hemolysis in the production of these abnormalities. It is suggested that all patients with prosthetic valves and a significant percentage of patients with severe hemodynamic abnormalities have chronic, usually compensated, intravascular hemolysis secondary to mechanical damage to red blood cells. These findings must 18 We have experienced difficulty in interpreting elevated values of heat-stable and total LDH in several patients with cardiac disease but without evidence for myocardial infarction, particularly after cardiac catheterization or cardiac surgery. Therefore, we decided to survey a population of ambulatory cardiac patients in order to define further the usefulness of these determinations. It was found that all patients with valve prostheses and a number of those with heart disease associated with significant hemodynamic abnormalities but without prosthetic devices had elevated total and particularly heat-stable serum LDH activity. Red blood cells also contain large amounts of LDH-1, and it is our feeling that these elevations of serum enzyme activity reflect a low-grade intravascular hemolysis rather than myocardial damage. This factor of hemolysis should be recognized as a source of misinterpretation of the meaning of elevated serum LDH values.
A preliminary report of the findings has appeared elsewhere.'9 Methods The population studied was divided into two groups of randomly selected patients. The patients in group I were those without prosthetic valves who were entering the hospital on an ambulatory basis for elective cardiac catheterization. The majority had congenital or rheumatic heart disease; some had arteriosclerosis, and one each had pericardial and primary pulmonary vessel disease (table 1) . Fifteen patients who were returning for evaluation after previous cardiovascular surgery were entirely or nearly asymptomatic and had minimal or no demonstrable hemodynamic abnormality. Twenty-eight of the patients were being evaluated for possible cardiac surgery. These had symptoms of mild to severe cardiac decompensation and had varying degrees of hemodynamic abnormality. Four persons suspected of having heart disease were found to be normal by cardiac catheterization. There were 19 males and 28 females in this group and their ages ranged from 15 to 71 years with an average age of 33.
Group II was composed of patients with artificial heart valves of several designs 1 to 45 (average of 14) months after operation (tables 2 and 3). Most of these patients were in the hospital for elective, follow-up cardiac catheterization; some were in the outpatient clinic. Patient 62 had initially improved after insertion of a Bahnson type prosthesis for his diseased aortic valve, but at the time he was studied 40 months postoperatively, his condition was again deteriorating from "re-stenosis" of the prosthesis with some aortic insufficiency. Patients Reports of fairly large series of patients having heart disease34 have shown that LDH-1 is elevated primarily in patients with definite myocardial infarction as evidenced by clinical and ECG data and usually not in patients with angina pectoris, coronary insufficiency, hypertension, or congestive heart failure. The latter can cause elevation in LDH-5 and hence total LDH by producing hepatic congestion. The amount of heatstable enzyme activity found in some of our patients was equivalent to that found in patients with small myocardial infarctions. It is difficult to imagine myocardial damage continuing for this length of time, often years, without some deterioration in clinical status. However, all of our patients had shown great improvement after operation as evidenced by both clinical and laboratory data, and only a few had failed to maintain it. Therefore, a renewable source for this enzyme activity must be sought.
Although the primary interest in the determination of isozyme 1 (and 2) has been for the diagnosis of myocardial infarction4. 10 More recently Brodeur, and associates have studied red cell survival in patients with both aortic37 and mitral38 valve Starr-Edwards prostheses. They found that almost all of the subjects with aortic replacements had a decreased red cell half-life although anemia was present only if there was a complicating factor such as the development of aortic insufficiency. The patients with prosthetic mitral valves had a normal red cell half-life unless a complicating factor was present. In another series of patients with mitral valve replacement, mild intravascular hemolysis was suggested by the finding of markedly decreased serum haptoglobin in all but one of the 10 surviving patients and elevated reticulocyte counts in five. 39 With the possibility of subclinical to severe hemolytic anemia in patients with prosthetic valves of varying types so well documented,28' 23537-39 and with the known sensitivity of LDH isozyme determination for detecting even the mildest hemolysis,-5 24, 25 it seems Circuzation, Volume XXXV, January 1967 reasonable that the consistent elevation of serum LDH levels in our patients with prosthetic valves is due to a universal, low-grade hemolysis. The data of table 3 support this contention. All of the patients presented in table 3 had evidence of intravascular hemolysis of a degree sufficient to cause saturation of the haptoglobin system but not enough to produce methemalbuminemia, hemoglobinuria, or hemosiderinuria. 40 The three patients with unsatisfactory complicated surgical results had serum LDH levels approximately twice those of the patients with satisfactory surgical results. This suggests a relationship between the success in correcting the hemodynamic abnormalities and the degree of hemolysis present and is in accord with the results of others who found anemia only in patients with significant residual postoperative lesions (vide supra). The CPK determinations are particularly helpful. The enzyme creatine phosphokinase is very specific for disease or injury to skeletal muscle and myocardium. 4 In the presence of normal CPK levels it is unlikely that the elevated levels of LDH derive from myocardial necrosis. Serum CPK levels are known to be completely normal in the presence of hemolysis. 41 4 We conclude that all patients with prosthetic valves have some degree of intravascular hemolysis.
While this manuscript was in preparation, the paper of Andersen and associates43 appeared. They demonstrated chronic hemolysis of a significant degree in 10 patients with mitral and eight patients with aortic prostheses. Furthermore, they found an increase in both total LDH and the two terminal LDH electrophoretic fractions (presumably the two most anodic components). Our work confirms and extends their findings.
Hemolysis can also account for the increase in total LDH seen in these patients beyond that which is contributed by LDH-1 since hemolysis commonly elevates LDH-2 even more than LDH-1.24, 25 Furthermore heating inactivates some of the LDH-1 also so that the heat-stable LDH does not represent all of the LDH-1 in a given sample.
Significantly elevated LDH levels were Circulation, Voulme XXXV, January 1967 found in a number of the patients without artificial valves. These can also be attributed to a low-grade, compensated, chronic hemolysis since severe hemodynamic abnormalities causing turbulent flow may reasonably be expected to lead to mechanical damage of the red cells. Brodeur's group37' 38 has demonstrated that a certain proportion of subjects with either aortic or mitral valve disease have decreased red cell survival times even though they are not anemic. The reason for the increase in serum enzyme values after catheterization is not clear. One can speculate that the minor trauma involved in the procedure (cutdowns, arterial punctures, hematomas) must certainly cause some enzyme release from various types of tissues, but we have no data to quantitate this and determine whether it is enough to induce the elevations observed. The increase in total LDH was more significant than that of heat-stable LDH supporting the hypothesis of trauma to a variety of different tissues.
Concurrent low-grade myocardial damage by the valve is admittedly not ruled out by these studies. Although it seems unlikely to be a significant contributor to the increased serum enzyme activity seen, it could possibly account for the small elevations of serum CPK seen in two patients.
This chronic LDH elevation is a source of potential confusion in interpreting values for heat-stable and total LDH in patients presenting with symptoms suggestive of acute myocardial damage who have valvular prostheses or structural heart disease.
Addendum
Since submission of this manuscript for publication, several papers (references [44] [45] [46] [47] have appeared presenting additional data and concepts of mechanical hemolytic anemia in patients without valvular prostheses.
